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Problem Setup
The batch model uses initial saturations of 0.5 for scCO 2 and 0.5 for liquid (water). The water chemical composition (Table 1) , a NaCl-dominated brine with an ionic strength of about 1.5 M, was taken from a sample from the Frio test site. Two formation temperatures of 45° and 75°C were used, which may represent temperatures at depths of about 1 and 2 km, given a land surface temperature of 15°C and a geothermal gradient of 30°C/km. The initial mineral composition used is presented in Table 2 , which were taken from Xu et al. (2007) . The rock mineralogical composition may be representative of US Gulf Coast sandstone formations. The batch geochemical simulation was performed for 50,000 years. Mineral dissolution and precipitation are considered under kinetic conditions. A general form of rate expression is used, which is based on transition state theory (TST) (Lasaga et al., 1994) :
where r is the kinetic rate (units of moles per second; positive values indicate dissolution, and negative values precipitation), k is the rate constant (moles per unit mineral surface 4 area and unit time) which is temperature dependent, A is the specific reactive surface area per kg H 2 O, K is the equilibrium constant for the mineral-water reaction written for the destruction of one mole of mineral, and Q is the reaction quotient. The parameters θ and η must be determined by experiment, but are commonly set equal to unity when experimental quantification is unavailable. The precipitation of secondary minerals is represented using the same kinetic expression as for dissolution.
For many minerals, the kinetic rate constant k can be summed from three mechanisms (Lasaga et al., 1994; Palandri and Kharaka, 2004) : (2) where subscripts nu, H, and OH indicate neutral, acid, and base mechanisms, respectively, E is the activation energy, k 25 is the rate constant at 25°C, R is the universal gas constant, T is absolute temperature, a is the activity of the species; and n is a power term (constant). Notice that parameters θ and η (see Eq. 1) are assumed to be the same for each mechanism, and, for reasons noted above, are set to unity in the present work.
Mineral dissolution and precipitation rates are a product of the kinetic-rate constant and reactive surface area as represented by Eq. 1. The parameters used for the kinetic rate expression are given in Table 3 , which were taken from Xu et al (2007) . Table 3 . Parameters for calculating kinetic rate constants of minerals. Note that: (1) all rate constants are listed for dissolution (2) A is specific surface area, k 25 is kinetic constant at 25°C, E is activation energy, and n is the power term (Eq. 2); (3) the power terms n for both acid and base mechanisms are with respect to H + , (4) for pyrite, the neutral mechanism has n with respect to O 2 (aq), the acid mechanism has two species involved: one n with respect to H + and another n with respect to Fe
3+
. 
Results
The water composition presented in Table 1 
Conclusions and Recommendations
The predicted pH and dissolved concentrations obtained from the DH and Pitzer Tables 1, 29 , and 30, Debye-Huckel parameter å is calculated as discussed below, z is the ion electric charge, I
is taken as the true ionic strength of the solution, ω is the Born coefficient, η is a constant equal to 1.66027 (Å cal/mol), and r e,j is the ion effective ionic radius given in HKF Table   3 or estimated as shown on Table A .1 when not available. The limits of applicability of this method depend on how well the assumption of NaCl-dominance in solution is satisfied. Also, consistency between the activity coefficient model and the types of ion pairs included in the thermodynamic database is critical. A good example is that of the NaCl 0 ion pair. HKF fitted their Debye-Huckel data assuming that no significant formation of NaCl 0 took place. Excluding this ion pair 12 from the thermodynamic database, the model reproduces fairly well the mean activity coefficients determined by Robinson and Stokes (1965) Robinson and Stokes (1965) . Actual activities, rather than activity coefficients, are compared here because significant ion association takes place.
Appendix B Formulation of the Pizter Ion-Interaction Model
A generally accepted form of the Pitzer model was formulated in Harvie et al. (1984) and called the HMW formulation (model). This model has been implemented in TOUGREACT. In the HMW model, water activity is formulated as: 
and Z is calculated as: 
